Studies on Fluorine at Low Temperatures. VIII. Determination 
of Molecular Heat, Heat of Fusion of Condensed Fluorine and 
the Entropy of Fluorine. 


By Eizo KANDA. 


(Received August 12th, 1937.) 


The molecular heats of oxygen, nitrogen and other ordinary elements 
in the forms of condensed gases have been determined at low tempera- 
tures, and accordingly their entropies are already known. But such 
determinations have not been made at all on fluorine and volatile fluorides 
(except hydrogen fluoride). The present author measured the specific 
heat of fluorine at low temperatures, and in addition, determined the melt- 
ing point, heat of fusion and entropy of fluorine, using a method by which 
he previously measured the specific heat of organic compounds at low 
temperatures. !) 


I. Method and Apparatus. The apparatus for the experiment is 
shown in Fig. 1. 


(1) Cooling device. The measurement was made in a range from 
—190°C. to —258°C., the cooling being done by liquid nitrogen or liquid 
hydrogen or solid hydrogen. The apparatus illustrated in Fig. 1 is for 
cooling by solid hydrogen or liquid hydrogen. In this apparatus, A is a 
Dewar vessel made of German silver which is intended for liquid nitrogen, 
and B is a glass Dewar vessel for liquid hydrogen. B has a brass cap 
D in its upper part, which is connected with the Dewar vessel by means 
of rubber packing and is kept air-tight. The cap D has an opening at 
which the calorimeter is held, an opening for the double-walled pipe 
through which liquid hydrogen is poured in, a device for indicating the 
depth of liquid hydrogen, an opening at which the mercury pressure 
gauge is held, and an exhaust opening. Filling B with liquid hydrogen 
is done by connecting it with V,; by means of the double-walled pipe, 
and the liquid is sucked in by a pump attached to M. 


For lowering the temperature of the liquid hydrogen under its boil- 
ing point —252°C., the pump of large capacity attached to M is worked, 
and the liquid is vaporized vigorously at the decreased pressure. When 
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the vapour pressure of the liquid hydrogen is 40mm., the hydrogen 
gradually solidifies, and reaches the triple point, that is, —258°C. 


(2) Apparatus for determining the temperature. Inside the device 
for measuring the specific heat, there is a platinum resistance thermo- 
meter which is made by winding a platinum thread around a copper 
cylinder insulated with bakelite. The precision of this thermometer is 
determined in advance by comparing its resistance with the temperature 
of the gas thermometer.’*?) The resistance is shown in Table 1. 

















==>, Table 1. 
Q “digg 
fl yr ’ 
| ) |Temperature; Resistance | 
| ) | (°C) (ohm) | 
[ | LF. | x oss 
(v a= 0° | 20.1550 
H oe: | —25.50 18.2597 | 
| 39.10 17.1710 | 
j | | 
é —68.38 14.8130 
—125.55 10.1146 
q —158.75 | 7.3208 | 
AY | .2\ —183.40 | 5.2059 | 
ENS F 
As 3 —195.85 | 4.2633 
Etrtty 252.66 | 0.9662 | 
HL} ttn. | 
8 eo a; —254.53 | 0.8154 | 
Epi tdieb | 
RF —256.60 | 0.6637 | 
nm —258.17 | 0.5824 





At temperatures lower than —252.66°C., the calibration was made 
by means of a hydrogen vapour thermometer. 


According to the formula 





(2) Aoyama and Kanda, this Bulletin, 10 (1935), 472. 
(3) Wrede-Rankine-Keesom’s formula (Onnes and Keesom, Commun. Phys. Lab. Univ. 
Leiden, Suppl. No. 28) is used, which is 
58.40 | 61. 


log Pem. = 4.6063——7, ++ a - 
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R= ak| 7 +t+3(1- aue* a5 wo x00) |: 


the relation between the resistance and the temperature at —252.66°C. and 
upward can be expressed in 


R; = 0.0038745 x 20.1550 x [ 258. 097 +t+1.4950 x (1—-F 3 a 


0.11251 x as) | ' 


(3) Apparatus for measuring the specific heat. The apparatus for 
measuring the specific heat was nearly the same as one formerly used 
in the measurement on organic substances, but was made suitable for 
condensed gases. 

In Fig. 2, a is a case made of a thick copper plate. The temperature 
is adjusted by means of a heating coil around the outside of the case. 
b is a cylinder made of a thin copper plate and has a resistance thermo- 
meter and a few ledges in it with a heating coil of a constantan wire on 
the outside. There are junction points of a thermocouple on the inside 
and outside of a and b respectively for determining the difference in 
temperature between the two sides. The exit d for the platinum resis- 
tance wire is sealed with fused glass as shown in the figure. The sample 
is introduced through C and condensed in b. This device is put in a 
glass bulb G, which is set up in the cooling vessel. 


(4) Determination of the amount of the sample. The determina- 
tion of the amount is very difficult in the case of condensed gases. This 
is especially the case with fluorine, for which a gas reservoir cannot be 
used. The author used a 200c.c. gas-burette, in which glycerine was 
placed on the mercury as shown in Fig. 3. 

(5) Apparatus for determining the heating energy. The electrical 
connections for measuring the temperature of the sample and heating 
energy electrically applied to the calorimeter are illustrated in Fig. 4. 
To make the construction of the device well understood and to give an 
exact idea of the apparatus, the platinum thermometer, the sample, the 
heating coil, and the case are separately illustrated. 

The measuring apparatus consists of a system in which the current 
in the heating coil and the potential difference between the ends of the 
coil are measured and of a system in which the resistance of the platinum 
thermometer is measured. In both systems there are standard resis- 
tances connected with the potentiometers. The heating energy was 
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Fig. 3. 


determined by means of the Leeds and Northrup type potentiometer, and 
the potentiometer for low potential free from thermoelectromotive force 
was used for the resistance thermometer. 


(6) Construction of the calorimeter and heat loss. For obtaining 
a desired low temperature, dry air or dry hydrogen gas was introduced 
into the glass bulb G in Fig. 2, and the low temperature of the liquid 
nitrogen or liquid hydrogen on the outside was transmitted to the case 
and the calorimeter by conduction of this gas. The temperature of the 
sample was observed by means of the platinum thermometer, and when 
a proper temperature was reached, G was cleared of the hydrogen gas, 
and was made highly vacuous (about 10°>mm.Hg). In this way the 
inward transmission of cold through the wall of G was prevented. 
Further, for preventing cooling of the calorimeter by conduction of any 
remaining gas, the case was heated slowly through the coil on its surface. 
The difference in temperature between the outer surface of the colori- 
meter and the inner surface of the case was observed even while the 
specific heat was being measured by means of a galvanometer, and the 
heating current on the case was adjusted during the rise of temperature 
so that the difference might not exceed 0.5°. Although this process is 
far more complicated than one in which the calorimeter is simply hung 
in G, it greatly decreases the heat loss due to radiation and conduction, 
and minimizes the error. 

Supposing that the vacuum in G is about 10° mm. Hg, that the tem- 
perature at which the specific heat is to be measured is —200°C., and that 
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the difference in temperature between the walls of G and b is 50°, the 
heat loss of the calorimeter due to radiation g, and due to conduction q, 
will be approximately expressed by 


F. 

: : r— Py == Bs ‘— ry ’ 

qg. tier ( T;) >= F,C(Ti—T;) , and 
¢. ta~. & 


de = 52 Pa) To TIF, = 4] ETA,» 
where F; is the surface area of the calorimeter, F’. that of glass bulb G, 
T; temperature of the calorimeter, 7. the surface temperature of G, C 
radiation constant of the material of the calorimeter, etc., C,, that of the 
black body, a the accommodation coefficient of the gas (air or hydrogen), 
yn a constant dependent upon the viscosity, and p the pressure of the 
remaining gas (mm. Hg). 

For example, in case F\=50 cm.*, T;=73°K(—200°C.), and T.=23°K 
(—250°C.), we have q,=5.8610~ cal./sec., and g,=27.8x10~ cal./sec. 

In the actual measurement, the temperature of the sample is raised 


-usually by 0.2° for every 5 minutes. For 5 minutes q,’=0.0176 cal., 


q,'=0.0834 cal., and +q’=0.101 cal. 

The test fluorine (about 20g.) actually requires about 1 cal. at this 
temperature or neighbourhood for a rise of 0.2°, and so the above-men- 
tioned heat loss amounts to more than 10%. If, however, the tempera- 
ture of the wall of the case is kept at —199.5°C. by adjusting against 
—200°C. of the device, we shall have Yq’=0.0088 (for 5 minutes). 

This shows that the heat loss is about 0.9% of the heat required. In 
this way the heat loss must be kept small for making the experiment 
with a very smail temperature rise of the sample and for obtaining a 
specific heat as near the true one as possible. 


II. Measurment of Specific Heat. (1) Quantity of heat which is 
electrically given is (a) consumed in the temperature rise of the sample 
and (b) consumed in the temperature rise of the calorimeter itself, and 
(c) escapes outward, resulting in heat loss. 


Q = PRZ = (CM+w) x Jt+q = (CM+w) x tt’, 


where 7 is electric current flowing through the heating coil of the calori- 
meter, R resistance of the heating coil of the calorimeter, Z duration of 
heating, C specific heat of the sample, M mass of the sample, « water 
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equivalent of the device, and At rise of the temperature. Of these, w 
was determined in advance at various temperatures. 

The heat escaping outward was, as stated before, about 1 to 2%, 
and was determined experimentally by a temperature-time curve. Thus 
the specific heat of the sample could be determined by the foregoing 
formula. 


(2) Correction for the heat loss and determination of the tempera- 
ture rise. As for the correction for the heat loss and the determination 
of the true temperature rise, the resistance of the platinum thermometer 
and the time were observed before and after the heating of the sample 
and the temperature-time curve was constructed (Fig. 5). From this 
curve the true rise of temperature was obtained. For instance, let us 
suppose that the temperature of the sample is not kept perfectly constant 
but has a tendency slightly to rise before the heating (A-B) and that 
the heating is begun at B (the time Z,) and ends at C (the time Z,), 
the sample then gradually being cooled along the C-—D line. The lines 
AB and CD are extended as in the figure, and F is taken on the exten- 
sion of the DC line so that AZ may be equal to BCE/4t. If G is the 
point of intersection of the ordinate through F and the extension of the 
AB line, FG=At’ will be the true rise of temperature. The area BCE 
is determined on section paper. 
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(3) Water equivalent of the calorimeter. See Table 2. 








Table 2. 
Temperature P dais Temperature caduls 

0° 2.141 —169.17 | 1.608 
—15.50 2.120 —172.15 | 1,521 
—37.85 2.074 —185.55 1.480 
—60.17 2.041 —192.50 1.298 
—58.56 2.024 —199.13 1.209 
—67.21 | 2.005 —207.21 1.121 
—86.17 | 1.950 —211.50 | 1.063 
—94.54 1.921 —219.10 0.941 
—103.13 | 1.889 —225.86 | 0.841 
—118.55 1.821 —232.10 | 0.705 
—127.34 1.782 —238.11 0.558 
—134.85 1.744 —2£0.18 0.221 

—145.76 1.690 —258.22 0.0045 








III. Results of the Measurements. (1) Oxygen. In the prelimi- 
nary experiment, measurement was carried out on liquid oxygen and 
solid oxygen. It was intended only for comparing its result with those 
already obtained by Eucken™) and Clusius® (see Fig. 6). The values 
are shown in Table 3. The values obtained in the author’s experiment 
were somewhat greater than those obtained by Clusius for liquid and 
solid I, but were close to the values reached by Eucken, which, however, 
are not given here. 











Table 3. 
Author Eucken Clusius Kanda 
: sindac EE Par Se ae 
| Transition point I 23.5°K 23.8°K | 24.1°K 
| is — 42.5 43.5 | 42.9 
| Melting point 54.1 54.1 | 54.3 








(2) Fluorine. The quantity of the sample used in each experiment 
was about 0.5 mol. The result as reduced to the molecular heat according 
to the value of specific heat is tabulated below. 


(4) Eucken, Verhandl. Phys. Ges., 18 (1915), 4. 
(5) Clusius, Z. physik. Chem., B, 3 (1929), 41. 
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(a) Molecular heat. 
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See Table 4. 





Table 4. 

T a. e. 6 T c 

| 14.91 1.167 | 11.59 99.8 47.95 7.741 
17.75 1.807 | 1.786 100.2 52.98 8.210 
20.01 2.240 2.203 101.0 53.98 8.761 

| 23.10 2.841 55.20 Melting point 
| 25.42 3.440 57.50 10.84 
29.50 4.310 62.51 10.92 
32.00 4.795 67.49 10.98 
35.40 5.561 77.10 11.12 
39.11 6.280 83.41 11.20 
43.10 7.120 85.19 Boiling point 








(b) Melting point and heat of fusion. According to thermal 
analysis, the melting point is 55.20°K. The heat of fusion was deter- 
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mined by measuring the total heat 
quantity used for heating from a 
point a little below the melting point 
up to a point a little higher than this 
point, and by subtracting from this 
total heat quantity the sensitive heat 
used for the respective rises of tem- 
perature from the values of the speci- 
fic heat of the solid and liquid. The 
heat of fusion is Q,=372 cal./mol. 
The value of C, is given in Fig. %e 


IV. Characteristic Temperature 
and Entropy as Determined from 
the Result of Measurements. (1) 
Characteristic temperature. Debye’s 
law of T* for the atomic heat at 
constant volume is, strictly speaking, 


applicable only in the case of a monatomic and cubic system. But if the 
molecule of crystal of solid fluorine also can be regarded as making 
Debye’s vibration at a temperature below 20°K as if it were a single 
atom, its molecular heat may be said to be proportional to the cube of 
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the absolute temperature. On this assumption, the characteristic tempe- 
rature © was obtained from the molecular heat at three points below 20°K. 

For determining the molecular heat at constant pressure, the follow- 
ing formula was used: 


c, = C,—0.0214 2 


Tor 


where 7. is the melting point, 55.20°K. 
The characteristic temperature 9 was determined from the value of 


C, by using 
_ 1274 ,/T\ 
C, = RZ) 


The results obtained at three points below 20°K well coincide with 
one another and show the above-mentioned assumption is right. Thus 
we have 0=100.3. 


(2) Entropy of fluorine vapour. The entropy of fluorine vapour 
is obtained from 
Se (2 dT 
oT “ 
There being no measured value of the molecular heat at temperatures 
below 15°K, the author made integration, using Debye’s function and 
putting 0=100.3. 


T 
For determining \ Coat as to the solid and liquid between 15°K 
0 


and 55.2°K, and 56.2°K and 85.19°K, by using 7,=55.2, Q,=372 cal. at 
the melting point and T,=85.19, Q,=1581 cal. (from the vapour pressure 
data) at the boiling point, a curve is drawn for the measured values of 
C, at various temperatures against In7T, and mensuration was graphically 


made of \C,@inT ‘ 
Further, to the value of entropy of such an ideal gas must be added 


correction for the entropy of a real gas. 
From Berthelot’s equation of state 


9 PT. Py 
pv = Rr71+.9 P16), 
128 St ar 
where 7. is the critical temperature (144 for fluorine) and P. is the 
critical pressure (55 atm.), and from the thermodynamical relation 


i ~( »? we have 
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3.T- P 
R—-*. —. 
33 UT” *&P. 
Putting T=85.19°K (boiling point), 7.—144°K, P.=—55atm., and 
P=1 atm. in this equation, we have 14S=0.15 cal./degree mol. 
In fine, the entropy of fluorine vapour at the boiling point of 85.19°K 


is as follows: : 


{ Sear = 0.49 according to Debye’s law, {Cd In T = 5.86 from the 
15 


0 


molecular heat of solid, Q,/T, = 6.73 at melting point, {Cd In T = 5.46 
55.2 


4S = Syea1— Sideat = 


from the molecular heat of liquid, Q,/T, = 18.60 at boiling point, 4S = 0.15 
correction for real gas, entropy of fluorine vapour at boiling point = 37.29 
entropy unit. 


Conclusion. As the results of the investigations recorded in the 
papers I-VIII the various properties of fluorine, knowledge of which is 
necessary for the study of fluorine at low temperatures, have been made 
clear. The experiments, however, were of such a nature that one or two 
instruments or apparatus were not enough for dealing with several kinds 
of materials or problems, but one material had to be studied from various 
points of view, and therefore various apparatus had to be devised for 
the purposes. Of these apparatus, some will not stand further use, be- 
cause their lives have been exhausted by the highly corrosive nature of 
fluorine, while others will be usable in future studies of condensed gases. 


In conclusion the author expresses his deepest gratitude to Prof. 
Aoyama, who advised him to get about the present investigation and who 
kindly directed him throughout his work. And he also wishes to express 
his heartful thanks to Prof. Katayama of the Tokyo Imperial University, 
who encouraged him throughout these studies. Sincere thanks are also 
due to Mr. Katsumi Oeda, who earnestly and incessantly assisted the 
author in the experiments dealing with very unmanageable and dangerous 
test substances. Further, the author embraces this opportunity of thank- 
ing the Japan Society for the Promotion of Scientific Research, who gave 
him great assistance for many years and placed at his disposal various 
kinds of apparatus required in the investigation and of thanking the 
Sait6 Gratitude Foundation, who provided the Research Institute for 
Iron, Steel and Other Metals with the useful apparatus for obtaining low 
temperatures. 


Cryogenic Section, Research Institute for Iron, 
Steel and Other Metals, Tohoku Imperial University. 
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Studies on Fluorine at Low Temperatures. IX. Experiment on 
the Reaction between Solid Fluorine and Liquid Hydrogen. 


By Shin-ichi AOYAMA and Eizo KANDA, 


(Received August 12th, 1937.) 


The reaction between fluorine and hydrogen is much complicated. 
Although close investigations have been made and numerous papers are 
still being published on the reactions between other halogens and hydro- 
gen in the gaseous state, any systematic study has scarcely been made 
on the reaction between fluorine and hydrogen. Moreover, strange to 
say, the results obtained by the few who have studied this problem have 
been contradictory to one another. For illustrating this fact, the present 
authors will give the results of their tentative study on the reaction 
between solid fluorine and liquid hydrogen, and state their own opinion 
about it. 

Moissan and Dewar™ reported that explosion took place when a 
kind of test-tube with solid fluorine placed on its bottom was dipped into 
liquid hydrogen and the two elements were brought in contact with each 
other by breaking the bottom of the tube with a metallic bar thrust in 
at the upper end of the tube. But Wartenberg® and Eyring“? reported 
that they saw no remarkable reaction between fluorine and hydrogen at 
ordinary or low temperatures, though they made no such experiment 
as Dewar’s. 

The present authors carried out the following experiments for 
ascertaining validity of these conflicting reports and the conditions for 
an explosion of this kind, if any. 


I. Experiments and Results. Experiments such as Dewar’s, in 
which, as stated above, a metallic bar is thrust in at the upper end of 
the tube, have the following drawback: (i) Air may be mixed in the 
samples, and (ii) it is doubtful whether the hydrogen and fluorine will 
come in contact with each other respectively in the true liquid and solid 
states, because the temperature of the metal is probably higher than 
that of the liquid hydrogen. 





(1) Moissan and Dewar, Compt. rend., 136 (1903), 641. 
(2) Wartenberg, Nachr. Ges. Wiss. Gottingen, 1 (1930), 119. 
(3) Eyring, J. Am. Chem. Soc., 55 (1933), 2796. 
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In the authors’ experiment, an apparatus as shown in the figure was 
used. A brass cylinder was hung in the liquid hydrogen. In this 
cylinder was also hung a glass bulb containing condensed fluorine. A 

thread by which the bulb was suspended through a roller 
was drawn out, and the bulb was dropped. A thin- 
walled capillary tube of the bulb was broken at the bot- 
tom of the cylinder, whereby the solid fluorine and liquid 
hydrogen touched each other. The following is the sum- 
mary of the results of experiments: 
(1) With an inside diameter of about 10mm. at 
a and about 1c.c. of fluorine in b; the weather cloudy. 
Immediately after the thread was drawn out and the bulb 
dropped, a slight explosion was heard and flames were 
seen on the surface of the liquid hydrogen (surface burn- 
ing). In about one minute, the Dewar vessel burst, 
perhaps on account of explosion of the liquid hydrogen 
(or hydrogen gas) or of thermal strain in the vessel. 
(2) With an inside diameter of 1mm. at a and 
about 1c.c. of fluorine in b; exposed directly to the sun. Even after the 
capillary tube was broken, no explosion took place. When the bulb, with 
the broken capillary tube but still containing the solid fluorine, was taken 
out, a slight explosion was heard. 

(3) With an inside diameter of 6mm. at a and about lec.c. of 
fluorine in b; exposed directly to the sun. Explosion took place after 
the breakage of the capillary tube and the Dewar vessel burst shortly 
after the explosion. 

(4) With a diameter of 13 mm. at a and about 1lc.c. in b; exposed 
directly to the sun. Violent explosion was experienced and even the 
brass cylinder was crushed. 

All these experiments being carried out outdoors and examined at a 
distance of about 1 metre from the apparatus, the observation might not 
be very accurate. Nevertheless, a little smoke of light brown colour was 
seen rising at the opening of the vessel in each case of (1), (3), and 
(4) after the breakage of the end of the tube. ‘ 


II. Discussion of the Results. (1) Eyring’s denial of the explosion 
of solid fluorine at the temperature of liquid hydrogen has no ground in 
experiments. The present authors’ experiment was the first to be made 
after Dewar’s investigation. The authors cannot fall in with Eyring’s 
views that there is no explosion between solid fluorine and liquid 
hydrogen, and that the explosion, if any, is caused by contaminating 
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organic matters (Eyring admitted explosion of a mixture of hydrogen 
gas and fluorine gas at an ordinary temperature, but attributed it to 
organic matters such as rubber). In the authors’ experiment, grease or 
other organic matters were not used. 


(2) Explosion did not always occur. With a capillary tube as 
used in experiment (2), no explosion took place. 


(3) The explosion was more frequent and violent with a tube hav- 
ing a larger diameter. In the authors’ opinion, the reaction in question 
may be one not between the solid and liquid but in the gas phase exist- 
ing over the solid and liquid, thus resulting in the above-mentioned 
explosion. 


(4) No explosion, however, was experienced when the gases of the 
two elements were mixed in a large glass vessel at ordinary temperature 
—even when the vessel was exposed to the sun or to the light of a mercury 
lamp. (Explosion sometimes occurred when the wall of the vessel was 
fresh.) If so, how is the explosion at such a low temperature explained? 
The following questions arose in the authors’ mind: 


(a) Does a condensed gas become chemically more active when it 
is liquefied or vaporized? 

(b) Is there any transition into an active form in solid fluorine at 
this temperature? 

(c) Does any negative catalyser exist in this reaction in the gas 


phase? Can the explosion not be explained by degeneration at low tem- 
perature of the negative catalyser? 


As for (a), fluorine fresh from the electrolyser was found, in the 
authors’ experiment, more apt to chemical reaction than one which was 
first liquefied and condensed and then vaporized, but there was no ground 
for answering (a) in the negative. 


As for existence of the transition referred to in (b), although there 
was a slight change in the colour of the solid fluorine at the temperature 
of the liquid hydrogen, such is also the case with other halogens. 
Determination of the molecular heat showed no transition. 


As for degeneration of a negative catalyser, the results of the 
authors’ investigation on the reaction of gases H. + F.— 2HF have shown 
that this reaction is greatly affected by the wall of the vessel used, and 
have pointed to the probability of negative catalysis of SiF, coming from 
the glass wall. It may also be conceived that a negative catalyser of 
this kind will completely freeze and will degenerate at such a low tempera- 
ture as that of liquid hydrogen. 
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The foregoing, however, is a mere supposition, and the authors can- 
not give any definite opinion about the reaction in these seemingly hetero- 
geneous phases until the reaction between hydrogen and fluorine in the 
gas phase is thoroughly investigated. 


The authors wish to express their heartful thanks to the Japan 
Society for the Promotion of Scientific Research for a grant. 


Cryogenic Section, Research Institute for Iron, 
Steel and Other Metals, Tohoku Imperial University. 


Studies on the Aqueous Solutions of Some Chromic Salts. II. 
Modified Green Chromic Sulphate, Ol Green Chromic Chloride 
and Green Chromic Sulphate. 


By Hideo SUEDA. 


(Received October 12th, 1937.) 


I. Modified Green Chromic Sulphate. When the aqueous solution 
of the violet chromic sulphate is boiled for two or three minutes, the 
colour of the solution changes to green and retains the colour even after 
it is cooled. The compound which is prepared from the violet sulphate 
in such a manner is generally called “modified green chromic sulphate’. 
Many researches have already been reported on this compound. From 
the thermochemical point of view, A. Recoura™) discovered the forma- 
tion of sulphuric acid at the rate of one molecule per four chromium atoms 
in the solution, when the violet sulphate was transformed into this com- 
pound. Before Recoura, P. A. Favre and C. A. Valson‘) observed that 
one-third of the sulphate radical was precipitated by addition of barium 
chloride in the freshly prepared modified green sulphate solution. A. 
Recoura, having combined his results with this experiment, recognized that 
the following equation explains the reaction when the violet sulphate solu- 
tion is heated. He gave therefore formula [Cr,(SO,),0]SO, to the modi- 


(1) Bull. soc. chim., [8], 9 (1893), 586; [3], 15 (1896), 315; Ann. chim. phys., [7], 4 
(1895), 494. 
(2) Compt. rend., 74 (1872), 1023. 
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fied green chromic sulphate. W. R. Whitney also supported this idea 
after his measurement of the electric conductivity of this salt. 


2Cr.(SO,4)3 + H.O = [Cr,(SO,),0]SO, + H.SO, 


After that, H. G. Denham“) measured the pH-value of the solution 
in various dilutions, and the molecular weight of the salt was shown to 
be double or more that of the violet sulphate. Taking the experimental 
results proposed by T. W. Richards and F. Bonnet“ as his idea, he 
assumed the formula [Cr,(SO,),4](SO,;)» for this salt, and the hydrolysis 
of this salt in the solution was expressed according to its conceniraticn 
as follows: 


[Cr,(SO,),] (SO). + 2H,0 = [CrSO,),JSO(OH), + H,SO, (1), 
[Cr(SO,),] (SO). + 4H.O <— [Cr,(SO,),](OH), + 2H,SO, (2), 


where the reaction of equation (1) takes place in such a concentration 
as that experimented on by Recoura, while equation (2) is suitable for 
a very dilute solution. This consideration enabled him to explain his 
experiment, and his idea seems nowadays to have been generally adopted. 


But, the complex ion [Cr,(SO,)4]** is not easily deduced from 
Werner’s co-ordination theory, and there are some questions on the num- 
ber of chromium atoms in the complex radical. The salt [Cr,(SO,),4] 
(SO,). which Denham assumed, should be obtained, according to his idea, 
when the infinitely concentrated violet sulphate solution is heated. But 
the compound, which is actually produced when the crystals of violet sul- 
phate hydrate are heated, is difficultly soluble in water, contrary to the 
expectation from Denham’s idea. Such circumstances tempted the author 
to study this compound. 


(1) Relation between the concentration of the modified green sul- 
phate and the quantity of the sulphate ion precipitable by barium chloride. 
According to Denham, the complex ion of the modified sulphate 
[Cr,(SO,),]** is not changed, whatever the concentration of the solu- 
tion may be. If so, the total quantity of the sulphate radical should be 
three times the quantity of the sulphate ion to be precipitated by barium 
chloride in. any concentration. As the experimental proof of it was want- 
ing, the author has determined the quantity of barium sulphate produced 
on adding concentrated barium chloride to the solutions in three different 

(3) Z. physik. Chem., 20 (1896), 40. 
(4) Z. anorg. allgem. Chem., 57 (1908), 361. 
(5) Z. physik. Chem., 47 (1904), 29. 
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concentrations prepared by immediate cooling after boiling violet sul- 
phate for three minutes, i.e. 0.06, 0.005 and 0.0006 mol/l. (molecular 
formula of violet sulphate being Cr.(SO;);:17H:O). The ratio of the 
precipitated sulphate ion to the total sulphate radical are shown in Table 1. 








Table 1. 
Cone. of the solution (mol/l.) | 0.06 0.005 9.0006 
} 
Precipitated sulphate (%) | 34.6 | 50.5 64.6 





These results show that the percentage of sulphate ion depends on 
the concentration of the solution, and cannot be deduced from Denham’s 
idea. In other words, the concentration of the solution controls the 
quantity of the sulphate radical in the complex ion of the modified green 
sulphate, and the quantity was between one-third and two-thirds of the 
total sulphate in the range of these concentrations. 


(2) The relation between the concentration of the solution and the 
quantity of sulphuric acid formed in the solution. As described above, 
Recoura and Whitney showed that one molecule of sulphuric acid was 
liberated for four chromium atoms, when the violet sulphate was trans- 
formed into the modified sulphate. The concentrations of the solutions 
employed by them were moderately great, i.e. 1/12 and 1/30 mol/1., and 
the case of a smaller concentration has not yet been studied. The present 
author has examined such a -case. Electrometric titration has been 
applied for this purpose, by using the antimony electrode“. A sodium 
hydroxide solution was added to 1/200 mol/1. violet and modified green 
sulphate solutions. The latter green sulphate solution was prepared from 
the former violet sulphate solution by the usual method. The titration 
curves are shown in Fig. 1. The curve of violet sulphate (1) smoothly 
rises, while that of modified green sulphate (II) begins at a lower pH-value 
than curve I, the increase of pH is not considerable till the molecular ratio 
of sodium hydroxide and chromic sulphate becomes equal, and it becomes 
noticeable after the point of equilibrium is passed. This result shows 
that one sulphuric acid molecule is liberated for four chromium atoms, 
even when a modified sulphate is formed in such a dilute solution. As 
described in (1), the relative quantity of sulphate ion increases when the 











(6) T. Uemura and H. Sueda, this Bulletin, 8 (1933), 1. 
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concentration of the solution 
changes from 6/100 to 
1/200 mol/1l., but the rela- 
tive quantity of the liberated 
sulphuric acid is indepen- 
dent of the concentration of 
the solution. 


(3) Absorption spec- 
tra. The absorption spectra, 
given by the following six 
solutions, were measured 
with the concentration of 
1/100 N: (a) solution im- 





mediately cooled after heat- Molecular ratio [NaOH] : [Cr(SO,)3] 
ing, (b) solution prepared I: Violet chromic sulphate. 

to pH 1.0 by adding sul- II: Modified green chromic sulphate. 
phuric acid, (c) solution Fig. 1. 


standing for 24 hours, (d) 

solution standing for several days, (e) solution in which the liberated 
sulphuric acid was neutralised with sodium hydroxide, and (f) solution 
in which the sulphate ion was removed by filtering off barium sulphate 
after the addition of the equivalent amount of barium chloride. These 
solutions show similar curves which can be represented by one curve (I 
in Fig. 2). Curve I compares with that given by [Cr(H.O);OH]Cl. , but 
the absorption capa- 
city of the former is 
higher than that of 
the latter in shorter 
wave length. The ab- 
sorption of the modi- 
fied sulphate solution 
does not show any 
change by the addi- 
tion of acid, while the 
colour of the hydro- 
xo-pentaquo chromic 
chloride solution be- 
comes bluish violet. 
properties of 
Fig. 2. these two salts were 


log ¢ 
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essentially different at this point, and the author cannot accept the idea 
of H. T. S. Britton™. 


As an addition of acid to the modified green chromic sulphate solu- 
tion does not influence the absorption, the compound must be ol-salt. The 
removal of sulphate ion or the neutralisation of the liberated acid does 
not show any effect nor does it change the curves, so they are independent 
of the complex ion. 

(4) Constitution of the modified green chromic sulphate. Denham 
considered that the modified sulphate should contain four chromium atoms 
in its complex radical. This consideration came from his confirmation 
that the molecular weight of its cation could be double that of violet 
sulphate which was assumed as [Cr.—-]**+. As the author, however, 
indicated in the previous paper that the cation of violet sulphate should 
be [Cr(H.O).,]** , the cation of modified sulphate must be considered to 
contain two chromium atoms, since it has about double the molecular 
weight of [Cr(H.O).]**. 

It has been shown that in (1) one-third of the sulphate radical of 
modified sulphate can be found as ion in the solution of 6/100 mol/1., 
but when the concentration decreases to 6/10000 mol/I., the quantity of 
the sulphate ion becomes two-thirds of whole sulphate radical, while in 
(2) ratio of the liberated sulphuric acid to the chromium atom does not 
show any relation with its concentration, that is, one sulphuric acid 
molecule is produced for four chromium atoms, and in (3) the modified 
green sulphate must be ol-compound. After all, the author considers 
the following schema for the formation of the modified green sulphate: 


2[Cr(H20)¢}e(SO,)3 —> [(H:0);Cr(OH)(SO,).Cr(H20);],SO, -++ H,SO, 
(concentrated solution, about 6/100 mol/l.), 

2[Cr(H-,0)¢]2(SO,4); —> [(H-O),Cr(OH)(SO,)Cr(H,0),)J.(SO,)3 + H-SO, 
(dilute solution, about 6/10000 mol/l.), 


and when the concentration of the solution is intermediate between the 
above-mentioned, a mixture of both salts can be obtained. The reason 
for giving the u-sulphato form to the modified green sulphate will be 
explained later. The number of water molecules in the complex radical 
has been selected in order to comply with the demand of Werner’s co- 
ordination theory. 

(5) Relation between the time of standing of the modified green 
chromic sulphate and the quantity of the sulphate radical precipitated by 








(7) J. Chem. Soc., 127 (1925), 2120. 
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barium chloride. As mentioned above, 50.5% of the sulphate radical was 
precipitated by barium chloride in the fresh modified sulphate solution, 
but after standing for 24 and 130 hours, 53.6 and 59.1% of sulphate could 
be respectively precipitated. This shows that the sulphate radical in 
the complex radical decreases proportionally to the time of standing of 
the solution. This can be expressed as follows: 


[(H.O),;Cr(OH)(SO,).Cr(H,0)3]* (1) —> ((H,O),;Cr(OH)(SO,)Cr(H,0),]°*+ (2). 


From the quantity of the sulphate ion in the fresh solution, the 
ratio of the quantity of compound (1) to that of (2) should be 1:1.07, 
while it becomes 1:3.44 after standing for 130 hours. In spite of such 
a change, the absorption spectra do not differ. This result cannot be 
explained unless the absorption spectra of these two compounds are quite 
similar. 


II. Ol Green Chromic Chloride. As described in the previous sec- 
tion, when the colour of the violet chromic sulphate solution is once 
changed to green by heating, the latter colour does not easily change 
even at a low temperature. But, the violet chromic chloride solution 
returns to bluish violet, in proportion to the depression of the tempera- 
ture, though it is green in the hot state producing [Cr(H.O),;,OH]Cl. 
according to Bjerrum). It is very interesting to note that sulphate and 
chloride behave differently in spite of the same cation™®). The author 
already published a paper“ of an analogous example, i.e. diaquo-tetram- 
mine-cobaltic sulphate changes to ol-compound by the addition of an 
alkali, while the corresponding chloride has not a similar reaction. 

Although the violet chromic chloride solution changes reversibly by 
heating and cooling, the hydroxo-pentaquo-chromic chloride solution given 
by adding equivalent sodium hydroxide to violet chloride solution does 
not return to the original hydroxo-compound when it is cooled after 
heating, but is transformed into another salt which is called, in this 
paper “ol green chromic chloride”. 


(1) Absorption spectra. Absorption spectra of the four following 
solutions were observed: (a) solution prepared by cooling immediately 


(8) Z. physik. Chem., 59 (1907), 339. 

(9) Violet nitrate solution behaves similarly to chloride: it returns to bluish violet 
after cooling. According to H. Brinzinger and F. Jahn, Z. anorg. allgem. Chem., 229 
(1936), 410, [Cr(NH;).]*+ and [Cr(en);]'+ are transformed into ‘‘zweischalige’’ complex salts 
[[Cr(NH;),)(SO,)s°- and [[Cr(en);)(SO,),)>- by ammonium sulphate, but ammonium nitrate 
cannot transform them into the salts of this kind. 

(10) This Bulletin, 10 (1935), 50. 
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after boiling 1/100 mol/]. violet chloride [Cr(H.O),]Cl; solution for two 
or three minutes (curve II in Fig. 2), and (b) solution obtained by 
treating 1/100 mol/l. green chloride [Cr(H2O),Cl.]Cl similarly as above 
(curve III). As these two curves are similar to that of violet chloride, 
it can be said that this violet chloride at least predominated in the solu- 
tions then obtained. Their pH-values do not change before and after 
heating . (c) 1/100 mol/l]. violet chloride solution was prepared by using 
1/100 N sodium hydroxide as solvent (precipitation then occurred but 
was dissolved by heating the solution), and it was heated to boiling and 
then cooled immediately. (d) Solution obtained by adding concentrated 
hydrochloric acid to solution (c) to pH 1.1. 

As solutions (c) and (d) show similar absorption spectra, they can 
be represented by one curve (curve IV in Fig. 2) which is different 
from that given by hydroxo-pentaquo salt. As solution (c) showed no 
different absorption on the addition of acid, an ol-compound must be 
assumed to be produced when the solution of [Cr(H.O);OH]Cl. was 
heated. 

(2) Potentiometric titration. To confirm that the “ol green chromic 
chloride” is actually an ol-compound, and to determine the number of 
OH in the complex radical in case of ol-compound, potentiometric titra- 
tion was applied after heating and immediately cooling the solutions, 
where violet chloride and sodium hydroxide was mixed in various 
proportions. 

When the violet chloride was dissolved to 1/100 mol/l]. in 0.0053 N 
sodium hydroxide, the resulting solution showed pH 4.1, but pH 2.2 


THO a ink Ga te 
titrated with sodium hydro- 

| AY 
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LA 






xide, the titration curve be- 
ing indicated in Fig. 3 
(curve I). The solutions, 
where the molar ratios of 
violet chloride to sodium 
hydroxide were respective- 
ly 1.00 to 0.85 and 1.00 






2 
0.5 1.0 15 to 1.07, showed pH 4.6 
Molecular ratio [NaOH] : [Cr(H,0).]Cl; and 4.8 before heating. 
Fig. 3. The pH-values, however, 


(11) This was done as in the case of preparing the modified sulphate from the violet 
sulphate. 





1937] Studies on the Aqueous Solutions of Some Chromic Salts. II. 531 


changed to 2.3 and 2.8 respectively after heat treatment. The titration 
curves are shown in Fig. 3 (curve II and III respectively). This decrease 
of pH-value of the solution of violet chloride with sodium hydroxide after 
heat treatment must be due to the formation of ol-compound. The change 
in inclination of the titration curve suggested that the number of OH con- 
tained in the complex radical is equal to that of the chromium atoms in the 
radical. 


(3) Constitution of the ol green chromic chloride. Bjerrum’s 
“latent basic salt’”“*) perhaps corresponds to ol green chromic chloride 
discussed in this paper. But as the preparation method is somewhat 
different from Bjerrum’s, it is probably vain to compare these two com- 
pounds“), 

In (1) and (2), it has been proved that “ol green chromic chloride” 
is an ol-compound, and the number of OH and that of the chromium 
atoms in the complex radical are equal. In order to examine the existence 
of the chlorine atom in the radical, an excess of silver nitrate was added 
to cold solution of this salt, and the quantity of immediately precipitated 
silver chloride was measured. As all chlorine atoms was then precipi- 
tated, they cannot be contained in the complex radical. Summarising 
the facts observed, the author considers the following equation for the 
formation of this salt and gives it the formula shown below: 


Cl{(H.0);CrOH] + [OHCr(H,0);]Cl, —> [(H.O),Cr(OH),Cr(H20),]CI, . 


The author has not yet obtained any confirmation that this salt 
contains two chromium atoms in its complex radical. But such has 
been deduced from the two following points: (i) Pfeiffer“ already 
proved the formation of [(en)sCr(OH).Cr(en).]X, on heating 
[Cr(en):-H,OOH]X;, and (ii) the salt produced by heating the violet 
sulphate is di-chromium salt and the absorption spectra of the di-chro- 
mium salt is somewhat similar to that of this salt. According to Werner’s 
co-ordination theory, eight molecules of water must exist in the complex 
radical in this case. Instead of ol-compound, the salt in question can 
be assumed to be oxo-compound which is closely related with ol-com- 
pound. But in general ol-compound is difficultly transformed into oxo- 
compound, except by heating or by standing for a long time. It may 
therefore be reasonable to take the ol-combination in this case. 


(12) Z. physik. Chem., 59 (1907), 336, 581; 73 (1910), 724; N. Bjerrum and C. Faurholt, 
ibid., 130 (1927), 585. 

(13) Properties of the salt depend on the method of preparation, as Bjerrum has pointed 
out in his papers. 

(14) Z. anorg. allgem. Chem., 56 (1908), 261. 
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III. Green Chromic Sulphate [Cro(SO,)3(H2O)s3] and [Cro(SO,)s(H2O)e]. 
When violet sulphate is heated in aqueous solution, a modified 
green chromic sulphate, i.e. w-ol-mono- or di-sulphato-dichromic sul- 
phate is produced, but when it is heated in a crystalline state at 90°C., 
it changes into the green chromic sulphate [Cr.(SO,);(H:O)3;]%. This 
green sulphate cannot be rapidly dissolved in water. It took about 100 
minutes to dissolve 2g. of this salt in 500c.c. of water at 25°C. with 
constant stirring. The fresh solution so obtained shows an absorption 
analogous to that given by the solution of [Cr.(SO,);(H2O).]%, and 
neither solution gives immediately a precipitate of barium sulphate on 
the addition of barium chloride. These two salts, therefore, become the 
same substance in solution. 

The quantity of the sulphate radical, that is precipitable by barium 
chloride, increases proportionally to the time of standing. In order to 
explain this fact, A. Colson“ assumed three types of green chromic 
sulphate from his thermochemical studies: (a) all sulphate radicals, 
(b) two-thirds and (c) one-third, are masked in the complex radical: 


((H;,0);Cr(SO,);Cr(H20);] —» [(H:0),Cr(SO,),Cr(H;0),]SO, 
— [(H,0);Cr(SO,)Cr(H;0);(SO,)- (1). 


On the other hand, he considered that [Cr.(SO,)3(H.O).] is in equili- 
brium with the modified green chromic sulphate in aqueous solution: 


[(H,0);Cr(SO,);Cr(H,0),] <= [(HO)sCr(OH)(SO,).Cr(H,0),]SO,H 
= [(H20),Cr(OH).(SO,)Cr(H.0);(SO,H)- (2). 


The relation between these two schemata is not clear to the present 
author. After taking the absorption spectra, the author studied to know 
which of these schemata should be taken in this case, and, besides, 
examined some reactions of the solution with alkali and in heat treatment. 


(1) Relations found on leaving the aqueous solution of the green 
chromic sulphate to stand. 1/112 mol/l. green chromic sulphate solutions 
was kept for 10 min., 245 min., 25.5 hours and 90 hours after the salt was 
completely dissolved, and their absorption spectra were observed. The 
absorption spectra of the first two solutions (10 min. and 245 min.) are 
similar to each other and are represented by one curve in Fig. 4 (curve I), 
and the other two solutions gave also analogous absorption curves, which 


(15) A.Sénéchal, Compt. rend., 159 (1914), 243. 
(16) Bull. soc. chim., [4], 1 (1907), 438, 889; 3 (1908), 90; Ann. chim. phys., [8], 12 
(1907), 433. 
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are represented by another curve (curve II in Fig. 4). The absorption 
spectra of the modified green chromic sulphate is given as curve III. If 
the schema (2) can express the reaction which occurs on leaving the IN 
aqueous. solution of 4 
green chromic sulphate 
to stand, the produc- 
tion of the modified 
sulphate being recog- 
nised, curve II should 
come between curve I 
and __siSdIii. However, 
curve II is fcund to be 
outside the other two 
in the ranges of wave 
| lengths below 300 mu 
250 300 350 400 450 and above 410 mu. The 

Wave length (mu) pH-value does not 


log é€ 





Fig. 4. The absorption spectra of green chromic sulphate. change on standing, 
and remains at 2.5. 


For these reasons, the author believes this reaction must be explained by 
schema (1) but not by (2). 


After standing for 60 minutes and 75 hours, 1/200 mol/1. solutions 
of the salt precipitated respectively 14.9 and 54.6% of the sulphate 
radical on the addition of barium chloride. The precipitation of barium 
sulphate cannot be observed in the fresh solution, so the reaction 
[Cr.(SO,) 3 (H20) «] ~[Cr.(SO,).(H.O),]SO, is assumed to take place 
rapidly as compared with the reaction [Cr.(SO,).(H:O).JSO,;— 
[Crz(SO.)(H20) 10](SO4)2. [Cr.(SO,);(H20)«] and [Cr.(SO,).(H.0) s] 
SO, can be assumed to exist in different ratios in the solutions after 
standing for 10 min. and 245 min., but their absorptions are alike. This 
must be caused by the originally similar absorption of the two salts. In 
this case, as well as in the case of modified green chromic sulphate, it 
seems that the absorptions were not much influenced, whether the 
chromium combination in the radical be with two bridges or three. 


(2) Reaction with aikali. Sodium hydroxide was added to the 
solutions of green chromic sulphate, which were left for 110 minutes 
and 90 hours respectively, in order to make the molecular ratio 
[Cr.(SO,)3(H20).6] : [NaOH]=1.00: 1.26. The pH-values were the same 
and 4.2. Both solutions gave similar absorption curves represented by 
curve III in Fig. 4, and the curve is similar to that given by the modified 
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green chromic sulphate. From this result, it is evident that when the 
green sulphate solution is left for a time, the modified sulphate is obtained 
by the addition of sodium hydroxide. However, potentiometric titration 
is necessary to confirm it. 

1/200 mol/l. green sulphate solutions were titrated with 8/100N 
sodium hydroxide after standing for 3 hours and 75 hours respectively. 
The titration curves are shown in Fig. 5 (curve I and II). Next, sodium 
hydroxide was added to the solution, which was left for 75 hours, to make 
the molecular ratio [Cr.(SO,);3(H.O).¢]: [NaOH]=1.0:1.6. The solu- 
tion then obtained was 
titrated with hydrochloric 
acid, and the result is 
shown by curve III. 

The time of standing 
has no relation with pH- 
value of the solution, when 
sodium hydroxide is not 
added (pH=2.5). This 
shows that ol-compound or 
free acid is not produced 
by standing. Titration 
curves (I and II) do not so 
rapidly rise at the begin- 

Molecular ratio [NaOH] : [Cr(SO,),(H;0).;} ning of the process, and 

Fig. 5. this is explained by assum- 

ing that a part of the green 

sulphate is converted into ol-compound when sodium hydroxide is added 

to the solution. This assumption is also confirmed by the disagreement 

of curves II and III. In conclusion, the green sulphate is transformed into 

the modified sulphate in aqueous solution by the addition of sodium hydro- 

xide. This is the reason why the author assumed the sulphato-bridge in 

the formula of the modified sulphate. As shown in Fig. 5, the eleva- 

tion of curve I begins earlier than that of curve II, and this means that 

[Cr.SO,(H.O),0] (SO,)2 can more easily be converted into ol-compound 
than [Cr2.(SO,.)2(H2O)s]SO, or [Cr2(SO,4)3(H20) 6]. 





(3) Reaction in heat treatment. The heat treatment” was per- 
formed with 1/200 mol/Il. solutions, which had been left for 10 minutes 
and 75 hours respectively. The absorption curves given by these solu- 
tions thoroughly coincide with curve III in Fig. 4. 
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Titration curves of the solutions are shown in Fig. 6, where curves 
I and II respectively belong to the solutions left for 3 hours and 75 hours. 
These curves are analogous 
to that of modified green 
sulphate (Fig. 1). 

The author next meas- 
ured the quantity of sul- 
phate radical which can be 
precipitated by barium chlo- 
ride, and obtained the re- 
sults summarised in Table 
2. As for the solution left 
for one hour, the precipi- 
tated sulphate radical is 
smaller before the heat 
treatment, but it becomes 
larger after treatment, and Molecular ratio [NaOH]: [Cr2(SO,).(H20)s] 
for the solution left for 75 Fig. 6. 








Table 2. Quantity of the precipitated sulphate radical (2%). 


— — — 


Time after dissolution 1 hour 75 hours 
Before heat treatment | 14.9 54.6 
After heat treatment 53.9 47.4 


hours, this relation is quite contrary. The disagreement between the 
quantities of the precipitable sulphate radical obtained from these two 
solutions after heat treatment, comes perhaps from the difference of the 
heating intervals, and the values are approximately that obtained from 
the modified sulphate (50.5%). Hence, modified green chromic sulphate 
can always be obtained by heating the green chromic sulphate in aqueous 
solution. 


Summary. 


(1) For the modified green chromic sulphate, the formula ,-ol- 
mono- or di-sulphato-di-chromic sulphate has been deduced (i) from its 
absorption spectra, (ii) from the quantities of sulphuric acid produced 
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when this salt is formed from violet chromic sulphate, and (iii) from 
the sulphate ions which is precipitated by barium chloride in various 
dilutions. 

(2) When hydroxo-pentaquo chromic chloride solution was heated, 
the author recognized the production of ol-compound, to which the 
formula di-ol-octaquo-di-chromic chloride has been given. 

(3) The modification of the green chromic sulphate in aqueous solu- 
tion, produced on standing, or on heating, or on adding sodium hydroxide, 
has been discussed. 


In conclusion, the author wishes to express his sincere thanks to 
Assist. Prof. T. Uemura of the Tokyo University of Engineering for his 
kind encouragement. 


Laboratory of Inorganic Chemistry, 
Tokyo University of Engineering (Tokyo Kogyo-Daigaku). 


Uber das durch Zersetzen von Schwefelwasserstoffwasser herge- 
stellte disperse System von Schwefel und dessen Reaktion mit 
dispersem Quecksilber. 


Von Naoyasu SATA, 


(Eingegangen am 26. November 1937.) 


I. Einleitung. Dass das H.S-Wasser oder der H.S unter Vor- 
handensein von Wasserdampf, thermisch zersetzt wird und blauliche 
Fliissigkeit mit weisser Triibung ergibt, ist schon seit C. Geitner,” A. 
Gautier) usw. beobachtet worden. Obwohl diese Forscher diese 
Fliissigkeit als ein kolloid-disperses System von Schwefel aufmerksam 
gemacht hatten, fehlt noch weitere Untersuchung von kolloidchemischem 
Standpunkt aus. Ich habe zufalligerweise gefunden, dass beim Zuschmel- 
zen eines H.S-Wasser haltendes Probierglases ein 4hnlicher Vorgang vor 
sich lauft; naémlich nach dem Zuschmelzen das H.S-Wasser zu einer weiss 
triibe, blaulich opaleszierenden Fliissigkeit umgewandelt wird. Ein- 
gehende Untersuchung hat gezeigt, dass sie eine Art hydrophobes 


(1) C. Geitner, Ann., 129 (1864), 364. 
(2) A. Gautier, Compt. rend., 142 (1906), 1469. 
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Schwefel-Sol ist, wie Weimarnsches Sol) oder durch Explosionsmethode 
hergestelltes Sol.“) Da die Herstellungsweise so einfach und praktisch 
ist wurde einige Eigenschaften dieses Sols, sowie die Reaktion von dem- 
selben mit dispersem Quecksilber im folgenden behandelt. 


Il. Die Methodik. Zum Zweck der Vorlesungsdemonstration ist es 
sehr einfach und zwar erfiillt man etwa 1/3 von einem Probierglas mit 
H.S-Wasser und schmilzt es zu, unter Beriicksichtigung das Erhitzen der 
Fliissigkeit méglichst zu vermeiden. Der H.S in der Nahe der Schmelz- 
stelle wurde unter Vorhandensein geniigender Wasserdimpfe thermisch 
zersetzt und scheidet das Schwefel in dispersem Zustand aus. Wahrend 
sowie nach dem Zuschmelzen, ersieht man milchweisse Fliissigkeit an der 
Innenwand des Probierglases herunterstrémt, welche beim Zusammen- 
mischen mit H.S-Wasser ein weiss triibes, blaulich opaleszierendes System 
ergibt. Dieses Sol, wie die andere von hydrophober Natur, ist nicht sehr 
bestindig und faingt nach dem Entstehen gleich an zu koagulieren und 
absetzen. Wéahrend dieses Stadiums, zeigt das System genau denselben 
polychromische Verlauf, wie die andere Sole nach Weimarn bzw. Auer- 
bach). Neue Methode ist dadurch bevorzugt, dass es dabei keine be- 
sondere Vorbereitung an Reagentien verlangt wird, wie z.B. Lésungen 
bestimmter Konzentrationen vorzubereiten, Mengenverhdltnis der Reak- 
tionsfliissigkeiten zu beriicksichtigen usw. wie bei den anderen Methoden. 

Zum Herstellen grésserer Menge empfehit 
es sich, als Reaktionsgefass, ein enghalsiges 
Kolben, wie z.B. ein Messkolben, benutzen. 

Am besten habe ich ein Quarz-Messkolben 

genommen, welches etwa bis zur Halfte 

H.S-Wasser enthalt, wie in Abb. 1 skizziert WS 
ist. Wenn man an den Hals des Kolbens 

stark erhitzt, wird die Flissigkeit blaulich, “== 
blaulich weiss opaleszierend und endlich milch- 
weiss mit rétlicher Durchsichtsfarbe. In 
der Literatur wurde hingewiesen, dass die 
Schwefelsdure bei diesem Zersetzen entstehen 
wiirde® © (®, Aber nach meinem Versuch lasst die Schwefelsiure, weder 
mit BaCl.-Lésung noch an Lackmuspapier, sich nachweisen. 


_—— 


H.S-Wasser. 


Abb. 1. 


(3) P.P. von Weimarn und B. W. Malyschew, Kolloid-Beihefte, 8 (1911), 216. 

(4) P.P. von Weimarn und N. Sata, Kolloid-Z., 66 (1934), 1; N. Sata, dieses Bulletin 
11 (1936), 501. 

(5) R. Auerbach, Kolloid-Z., 27 (1920), 223. 

(6) J. W. Mellor, ‘‘A Comprehensive Treatise on Inorganic and Theoretical Chemistry,’ 
Bd. X, 130, London (1923). - 


ee - 


a 


———— 
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III. Der Absetzungsvorgang des dispersen Systems und die mikro- 
und ultramikroskopische Untersuchung des Sedimentes. Von dem dis- 
persen System, wie erwahnt hergestellt ist, wurde der iibrig gebliebene 
H.S durch Kochen bzw. durch Bestrahlen von USW. ausgetrieben. Die 
Absetzungsvorgange der dispersen Systeme und die Resultate der mikro- 
und ultramikroskopischen Untersuchungen der Sedimente sind in fol- 
gender Tabelle 1, Abb. 2-a, 2-b, 2-c und 2-d zusammengestellt. 





(b) 
Abb. 2. (Vergrésserung = 305 x) 


Von den Versuchsergebnissen, méchte ich auf folgenden Punkte auf- 
merksam machen. 


(1) Einfluss von Kochen. Beim Vergleich der Probe (a) und (c) 
in der Tabelle 1, ersieht man, dass zum Absetzungsvorgang das Kochen 
kaum einen Einfluss auszuiiben ist. Aber die mikro- und ultramikro- 
skopische Untersuchung lasst sich bedeutenden Unterschied zwischen 
ihnen erkennen; namlich scheidet die Probe (a) (H.S-haltiges Priparat) 
viel gréssere Kristalle als (c) (durch Kochen H.S ausgetriebenes Pri- 
parat) aus. Daraus kénnte man konstatieren, dass im vorigen Fall sich 
der H.S allmahlich zersetzte und dadurch ausgeschiedener Schwefel zu 
groésseren Kristallen angehauft hatte. 


(2) Wirkung von USW. Die Wirkung von USW. auf dem dispersen 
System ist besonders bemerkenswert. Die Mikro-Aufnahme des Sedi- 
mentes von USW.-bestrahitem Praparat (b) gibt ein eigenartiges Bild, 
wie aus der Abb. 2-b ersichtlich ist. Darauf ist es deutlich zu erkennen, 
dass die gréssere Kristalle darin ganz und gar ausfallen und nur ver- 
haltnismassig kleine Kristillchen in ausserordentlich gleichmassiger 
Dimension ausgeschieden sind. Das kénnte man vielleicht so erklairen, 


(7) Abkiurzung von Ultraschallwellen; tiber Entgasung durch USW., siehe L. Berg- 
mann, ‘‘ Der Ultraschall’’, 178, Berlin (1937); G. Schmid, Angéw. Chem., 49 (1936), 117. 
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Anfangs. 


Nach 1 
Tag. 


Nach 3 
Tagen. 


Nach 6 
Tagen. 


Nach dem 
Absetzen. 


Mikro- und 
ultramikro- 
skopischer 
Befund der 
Sedimente. 


| 1mm. von oben 


H,S-haltig. 
(Kontrolle) 





Milchweiss triibe 
und fast un- 
durchsichtig ; 
Durchsichts- 
farbe ist 
organe-rot. 


Tabelle 1. 


b 


USW. bestrahlt 
fiir 1 Min. 


Triibung und 
Farbton ist 
genau wie (a); 
riecht noch 
schwach nach 


°S. 








: Setzt schon 
ist ganz klar ; 
unten undurch- a 
sichtig. sichtig ab. 
1/2 von oben ist 
fast klar ; unten 
noch weiss triibe| Setzt fast ganz 
mit violetter klar ab. 
Durchsichts- 
farbe. ; 
Fast ganz klar. Ganz klar. 





Durch Hand-Schiitteln nicht wieder 
peptisierbar u. setzen sofort ganz 


klar ab. 


Sediment besteht | 
grobe Kristalien | 
in verschiedenen 
Formen (Platten, | 
Prismen, Nadeln,| 
Oktaedern, 
Kiigeln usw.) 
aus. } 
Ultramikroskopi- 
sche Teilchen 
sind sehr wenig 


| u. fast keine in 
| Brownscher 


Bewegung. 
(Siehe Abb. 2-a) 


Fehlt hier die 
gréssere Kri- 
stalle vollkom- 
men aus und 
nur kleine Kri- 
stalle in 4hn- 
licher Grésse 
sind vorhanden. 

Ultramikrosko- 


pische Teilchen | 


sind mehr als 
in (a), die aber 


kaum in Brown-| 


scher Bewegung 


sind. 
(Siehe Abb. 2-b) 
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ganz klar u. unten undurchsichtig 
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2 Min. gekocht 


u. dann 1 Min. 
U 


| Milchweiss tribe, ganz undurch- 
sichtig ; riecht vollkommen nicht 


Nach 3 Tagen. 


1/2 von oben ist 
blaulich klar mit 











b leszenz ; 
unten weiss Opa ig 
tribe wie(a). | pnten wie (a) 
Nach 6 Tagen. 
F lissigkeit ist 
blaulich opales- 
Fast ganz klar. | Berend. Las, 
Durch Hand- : 
: and-Schiitteln 
Schiitteln nicht wiater unileh- 
peptisierbar. weisses, in Dur- 
chsicht rotes Sol 
peptisierbar. 
Kristalle in 
verschiedener 
Formen u. Gré- 
ssen, wie in (a) 
sichtbar. Sie | Mikroskopischer 
sind aber durch-| Befund ist fast 
schnittlich genau wie (c), 
kleiner als in aber die ultra- 
(a) u. bedeckt mikroskopische 
mit ultram kro-| Teilchen sind 
skopischen alle in lebhafter 
Teilchen. Brownschen 
Ausserdem Bewegung. 
ziemlich viele (Siehe Abb. 2-d) 
Teilchen sind 
| in Brownscher 
| Bewegung. 





| (Siehe Abb. 2-c) 
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dass die innere Schwankung der Konzentration des Systems durch An- 
regung der USW. ausgeglichen wurde und ein gleichmassiges Erwachsen 
der Kristallkeime hervorgerufen hat. Da die USW. bekanntlich an 
der Grenzflache “fliissig/fest’”’ besonders kraftig wirken,‘*’ ist es auch sehr 
méglich, dass sie auf der Oberfliche der Kristallkeime etwaigen Einfluss 
gegeben hatten, welcher das gleichmassige Kristallwachstum verursachen 
wiirde. Dass die einzelne Kristalle klein sind, kénnte davon kommen, 
weil der grésste Teil von H.S durch USW.-Bestrahlen ausgetrieben 
worden war. 


(3) Uber die Bestiéndigkeit des dispersen Systems. Zuletzt michte 
ich noch iiber.die Bestandigkeit etwas hinzufiigen. Hierbei ist es auch 
zu beachten, dass das USW.-bestrahlte System (b) 
besonders unbestindig ist, wie aus der Tabelle 1 
und Abb. 3 zu ersehen ist. Andere drei Pra- 
parate haben ungefahr Ahnliche Bestandigkeit. 
Nur das gekochte und dann USW.-bestrahite 
System(d) zeigt wieder eine spezielle Eigenschaft 
und zwar dieses Priparat lisst nach dem Ab- 
setzen gréberer Teilchen die blaulich opales- 
zierende, typisch kolloidale Fliissigkeit hinter. 
Noch dazu ist dieses abgesetzte Priparat durch 
einfaches Handschiitteln wieder zu milchweisses 
in Durchsicht orange-rotes System peptisierbar. 

(a) (6) (©) (@) Bei den anderen Proben findet soleche Erschei- 

Abb. 3. nung auf keinem Fall statt, so dass das Sediment 

setzt nach wiederholten Schiitteln sofort ab und 

die Fliissigkeit bleibt immer vollkommen klar. Die Tatsache, dass das 
USW..-bestrahlte Praiparat (b) sehr unbestandig ist und wohingegen das 
gekochte und dann USW.-bestrahlte Priparat (d) ein typisches Kolloid- 
Verhalten vor sich zeigt, lisst uns erinnern, dass die USW. die entgegen- 
gesetzte, koagulierende und stabilisierende Wirkung ausgeiibt hitten. 
Nach K. Séllner und C. Bondy) wirken die USW. auf System “fliissig/ 
fliissig’’ emulgierend und auch koagulierend in gleicher Zeit. Da unser 
Fall von Schwefel-dispersem System nicht mit System “fliissig /fliissig” 
sondern mit “fliissig/fest’” zu tun hat, kann man nicht gleicherweise 
behandeln. Obwohl das Experiment dafiir noch ungeniigend ist, méchte 
ich vorlaufig folgendes hinweisen. Erstens, scheint die USW. im allge- 
meinen das Kristallwachstum zu beschleunigen. Die Unbestandigkeit des 





(8) Angew. Chem., 49 (1936), 117. 
(9) K.Séllner und C. Bondy, Trans. Faraday Soc., 31 (1935), 835; 32 (1936), 616. 
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USW.-bestrahlten Priparats (b), wiirde dadurch hervorgerufen sein. 
Bei anderem Versuch habe ich auch gleiches Resultat erhalten.“” Was 
dem letzten Fall betrifft, ist die Sache etwas anders. Es wurde hier das 
System erst erhitzt zum Sieden und dann mit USW. bestrahlt. Daraus 
mochte ich vermuten, dass es beim Kochen einige Schwefel-Verbindungen 
und ultramikroskopische Teilchen entstanden wire. Diese Teilchen 
wurden durch nachfolgendes Bestrahlen von USW. im einzelnen zerteilt 
und die genannte Schwefel-Verbindungen wurden gleichzeitig an denen 
adsorbiert, die jetzt als Stabilisator die Bestaindigkeit des Systems verur- 
sacht hatten. Das ist also dieselbe Erscheinung, wie wir schon ais USW.- 
Peptisation hingewiesen haben.“) Die mikro- und ultramikroskopische 
Untersuchung erklart das Verhalten sehr deutlich. Namlich, in nur 
gekochtem Praparat (c) lassen auch viele ultramikroskopische Teilchen 
sich erkennen, die aber an der Oberflache grésserer Kristallen kleben und 
kaum in Brownscher Bewegung sind; dahingegen in gekocht und dann 
USW.-bestrahltem Praparat (d) sind alle Teilchen in lebhafter Brown- 
schen Bewegung sich befinden. 


IV. Uber die Reaktion zwischen Schwefel und Quecksilber in dis- 
persem Zustand. E. Sauer‘'*) hat schon nachgewiesen, dass durch Reak- 
tion von Schwefel und Quecksilber in kolloid-dispersem Zustand, das 
Quecksilbersulfid in schwarzer Modifikation sich entsteht. Zu diesem 
Zweck hat er die chemisch hergestellte sehr bestandige Sole verwendet, 
in denen man annehmen muss, dass die Teilchen mit stabilisierend- 
wirkenden Hiillen von Ionen bzw. Oberflachen-Verbindungen iiberzogen 
sind.“*)} Wie erwahnt, konnte ich gerade das reine Schwefel-disperse 
System in hydrophobem Zustand erhalten. Da sich das Quecksilber durch 
einfaches Schiitteln,“*) USW.-Bestrahlen“®) oder Dampf-Explosion”® 
leicht dispergieren lasst, war es mir von Interesse die Reaktion beider 
Substanzen in hydrophob-dispersem Zustand nachzupriifen. 

Es wurde 5.0-7.5c¢.c., wie oben erwahnt, hergestelltes Schwefel-dis- 
perses System und 0.5-1.0c.c. reines Quecksilber in einem Probier- 
glaschen zugeschmolzen. Diese Probe wurden mechanisch geschiittelt 


(10) Nach noch unveréffentlichem Versuch von uns, wurde auch festgestellt, dass die 
Bestandigkeit von Weimarnschem Schwefel-Sol auch durch Bestrahlen von USW. stark 
herabgesetzt wird. 

(11) N. Sata und S. Watanabe, Kolloid-Z., 73 (1935), 50; 78 (1937), 277; H. A. Wan- 
now, ibid., 81 (1937), 105. 

(12) E. Sauer, Kolloid-7., 73 (1935), 45. 

(13) N. Sata, dieses Bulletin, 11 (1936), 624; H. Freundlich, ‘‘ Kapillarchemie’’, Bd. II, 
191, Leipzig (1932). 

(14) I. Nordlund, ‘‘ Experimentelle Studien tiber Hg-Hydrosole’’, Dissertation, Upsala 
(1918); Kolloid-Z., 26 (1920), 128; N. Sata, ibid., 71 (1935), 48. 

(15) Kolloid-Z., 71 (1935), 48. 

(16) Dieses Bulletin, 11 (1936), 443. 
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oder USW. bestrahlt, so dass dadurch dispergiertes Quecksilber sofort 
mit zusammenvorhandenem dispersen Schwefel reagieren wiirde. Weil 
der H.S in diesem Fall die einzige Verunreinigung ist, wurden die Kon- 
troll-Versuche mit H.S-haltigen Systeme auch ausgefiihrt. Die Ergeb- 
nisse sind in folgender Tabelle 2 zusammengestellt. 


Tabelle 2. 
H.S-freie Systeme. H.S-haltige Systeme. 
Zusammen- — — — 
pay = —— ove Soar - lee H.S-W 
er Pro- ergestellt und H. H.S-Wasser. ° asser. 
ben. ausgetrieben durch 9 he eres ¥ -Sol. Bs: teh seve S-Sol. 
Kochen). g Hg-Metall. g ‘| Hg-Metall. 
Hg-Metall. 
Blaulich- | Blaulich- 
Anftacioer Milchweiss triibe mit weiss ge- | weiss ge- 
B og orange-roter Durchsichts-| Ganz klar. | triibt mit |Ganzklar. | triibt mit 
; farbe. Opalesze- | Opalesze- 
nz. |_ nz. 
Maschine- | USW. be- alt ; 
Behandlung.| Schiitteln. | strahlt fur ee “usw. bestrahit fur 
| (10 Min.) 1 Min. . 
fn PTR; Flissigkeit ist braun- | ee " 
Gleich nach | Flissigkeit ist grau un- lich grau undurch- | se eta — 
der Be- durchsichtig. Hg-Ober-| sichtig. Hg-Oberfliche Oberfliach elt po 
handlung. | flacheist schén goldgelb.| ist mit grauem ee ldgelb. 
bedeckt. — 
N ach 6-7 
| Tagen ist Nach 1 Tag. 
| es fast ee — — 
Setzt nach | ganz klar B |Graulich  Gelblich Graulich 
6-7 Tagen und nur ce un- | braun un-_ braun braun 
fast ganz | ein Spur uren~ =| durch- undurch- | undurch- 
klar ab. | blaulicher | Sichtig. sichtig. sichtig. sichtig. 
| Opaleszenz ees rio 5 eh 
ist erkenn-| Nach 7-8 
| bar. Tagen se- 
Bommepe ren gece 
Nach 1 Monat ist die ot ae | Nach12_ , Nach 10 Tagen setzt 
Flissigkeit ganz klar. sichtige | Tagen | der undurchsichtige 
Der Bodensatz ist Teil ab setzt wie Teilab. Die Flussig- 
schwarz u. durch Schiit- Die Flis- nebenste-__ keit —_ Spuren von 
teln nicht wieder pepti- sigkeit hende ab. aa ich weisser 
sierbar. Nach langem ist blau- rubung. 
Stehen (5-6 Mon.) erlei- lich opa- 
det der Bodensatz gar leszierend.| 
! 








keine Anderung. 




















Der Bodensatz ist anfangs graulich braun. Seine 
Farbe andert sich mit der Zeit zu rétlichem Ton 
u. nach 6-8 Mon. ist er schén zinnober-rot. Er 
ist durch Schiitteln wieder peptisierbar u. bleibt 
etwa 1 Woche bestandig. 
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Von der Ergebnissen der Tabelle 2, sollte folgendes hingewiesen werden. 

(1) Wenn das System den H.S in irgendwelcher Menge enthilt, 
so entsteht gelb-oranges Sulfid und zwar in kolloid-dispersem Zustand. 
Nach C. Doelter“” ergibt das Quecksilber und H.S-Wasser bei der 
Wasserbad-Temperatur ein Gemisch von rotem und schwarzem Sulfid. 
Nach meinem Versuch wurde festgestellt, dass die ahnliche Reaktion bei 
Zimmertemperatur vor sich lauft, wenn das Quecksilber in dispersem 
Zustand vorhanden ist. Dass sich das entstandene gelbliche Sulfid seine 
Farbe mit der Zeit rétlicher A4ndert und nach 6-8 monatigem Stehen voll- 
kommen zinnoberroten Farbton ergibt, stimmt einigermassen mit der 
Meinung von J. L. Proust.“” Ausserdem ist es zu beachten, dass dieses 
Sulfid immer in fein-zerteiltem Zustand bleibt; d.h. ist das System nach . 
dem Absetzen durch einfaches Schiitteln wieder zu ziemlich bestandigem 
System peptisierbar, welches 7-8 Tage bestandig bleibt. Es bringt uns 
die Vermutung nahe, dass es ausser Sulfiden noch stabilisierend-wirkende 
Substanzen dabei entstanden ware. 

(2) Durch die Reaktion von reinem Quecksilber und Schwefel in 
hydrophob-dispersem Zustand, scheint nur das Sulfid in schwarzer Modifi- 
kation entstehen. Das Resultat ist also dasselbe wie bei der Reaktion in 
hydrophil-dispersem Zustand nach E. Sauer.“*?) Dass die Hg-Oberflache 
nach dem Schiitteln goldene Farbe erhalt, sollte der Beweis sein, dass 
der H.S noch in Spuren geblieben war. Dann kénnte er an der Hg- 
Oberflache das goldgelbe Sulfid ausscheiden, wie bei obenerwahntem H.S- 
haltigen System der der Fall war. Dieses schwarze Sulfid ist, nach dem 
Absetzen, im Gegenteil zu vorhergehendem Fall H.S-haltiger Systeme, 
durch Schiitteln nicht wieder bestandig peptisierbar und der Niederschlag 
setzt sofort ab und die Fliissigkeit bleibt ganz klar. Da das System an- 
fangs nach erstem Schiitteln, etwa fiir eine Woche doch bestandig bleibt, 
kénnte man schliessen, dass die Teilchen in diesem Fall mit der Zeit von 
amorph-kolloidal zu grob-kristallin sich verindert hatten. Die kristallo- 
graphische Zustandsinderung der Niederschlagen durch Altern ist schon 
eine wohlbekannte Tatsache.‘'® 

(3) Das gemeinsame Vorhandensein von H.S und disperses Schwefel 
scheint nur den additive Einfluss ausiiben und zwar erhalt das System 
graulich braune Triibung, von denen der grauliche Ton ziemlich schnell 
verschwindet. 


(17) J.W. Mellor, ‘‘A Comprehensive Treatise on Inorganic and Theoretical Chemistry,” 
Bd. IV, 946, London (1923). 
(18) Kolloid-Z., 73 (1935), 55. 
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(4) Von der Menge des entstandenen Niederschlags erkennt man 
sich darauf, dass die Wirkung von USW. hier viel schwacher ist, als die 
des mechanischen Schiittelns. Ausserdem ist es besonders zu bemerken, 
dass das Reaktionsprodukt durch USW.-Bestrahlen und mechanisches 
Schiitteln qualitativ ganz gleichartig ist. Daraus konnte man konstatieren, 
dass die USW. in diesem Fall keine eigenartige Wirkung vor sich gezeigt 
hatten, wie bei einige anderen Fallen.“ 


Zusammenfassung. 


(1) Eine neue einfache Methode der Herstellung hydrophob-dis- 
perses Systems von Schwefel ist beschrieben. 

(2) Die Methode besteht darin, dass man das H.S-Wasser unter 
bestimmten Bedingung durch Hitze zersetzt und das Schwefel in kolloid- 
dispersem Zustand ausscheiden lasst. 

(3) Wenn man iibrich bleibenden H.S durch verschiedenen Be- 
handlungen (Kochen, Bestrahlen von USW. oder die beide) austreibt, so 
zeigen die Systeme auch verschiedenen Absetzungsvorginge, je nach der 
Behandlungsart. 

(4) Die mikro- und ultramikroskopische Untersuchung an den 
Bodensatz hat gezeigt, dass die USW. eine interessante Wirkung auf der 
Keimbildung und dem Kristallwachstum ausiiben. 

(5) Die chemische Reaktion von hydrophob-dispersem Schwefel 
und Quecksilber unter Wirkung von Maschine-Schiitteln bzw. USW.- 
Bestrahlen wurde untersucht. 

(6) Es wurde dadurch festgestellt, dass wenn das System den H.S 
als Verunreinigung enthalt, das gelbe bis orange Sulfid entstehen wird 
und nur das schwarze Sulfid, wenn kein H.S vorhanden ist. 

(7) Vor der Natur und der Menge der Reaktionsprodukte wurde 
konstatiert, dass hier die Wirksamkeit von USW. und Maschine-Schiitteln 
qualitativ ganz gleich, nur aber quantitativ verschieden ist. 


Chemisches Institut der Kaiserlichen Universitat 
zu Osaka und Siomi- Institut fiir physikalische 
und chemische Forschungen. 


(19) Kolloid-Z., 73 (1935), 50; 78 (1937), 277. 
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Optical Rotatory Power of Menthol in Heavy Methyl Alcohol, 


By Eijiro OGAWA. 
(Received November 15th, 1937.) 
The author"? measured specific rotatory power of d-tartaric acid in 


ordinary water and 2.15% heavy water and obtained the results given 
in Table 1. 








Table 1. 
Solvent [213° [a}s-* 
2.15% Heavy water 8.84° 8.56° 
Ordinary water 8.89° ‘ 8.60° 


This difference was explained quantitatively by the decrease of 
hydrogen ion concentration under the assumption that the degree of dis- 
sociation of d-tartaric acid in heavy water is the same as acetic acid. 

Biilmann, Jensen, and Knuth) observed the specific rotatory power 
[aJ8 = + 0.40° in 2-deutero-camphane. 

The present author“) carried out the following experiments: 2.5 g. 
of l-menthol was dissolved in 7 c¢.c. of ordinary methyl alcohol or 27.5% 
heavy methyl alcohol. No difference in specific rotatory power was 
observed (Table 2). 





Table 2. 
Solvent x [=}i44 
| 
7 a i in | _ . — 
Ordinary methyl alcohol | 17.49° 48.63°40.03° | 
27.5% Heavy methyl alcohol | 17.49° 48.63 +0.03° 
| 








(1) Tech. Repts. Kyushu Imp. Univ., 11 (1936), 21. 
(2) Ber., 69 (1936), 1031. 
(3) Tech. Repts. Kyushu Imp. Univ., 12 (1937), 169. 
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From these results it is concluded that the difference of specific 
rotatory power in pure heavy methyl] alcohol is at most 0.10° and the iso- 
topic effect in hydroxyl bond has little influence upon the field of asym- 
metric carbon atom. 


Recently H. Erlenmeyer and H. Schenkel™) observed remarkable 
differences in specific rotatory power in /-mandelic acid and d-atrolactic 
acid namely 5.83° + 0.26° and 1.19° + 0.2° respectively. In these cases the 
isotopic effect upon the field around asymmetric carbon atom are re- 
markable as compared with camphane or menthol. This is probably due 
to cyclic nature of latter molecules. 


Chemical Institute, Faculty of Engineering, 
Kyushu Imperial University, 
Fukuoka, Japan. 





(4) Helv. Chim. Acta, 19 (1936), 1199, 1381. 
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